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I. ABSTRACT 

f 1 7 8  7 
Improvements i n  the p i l o t  plant f a c i l i t y  have progreseed 

along the lines of introducing recording equipment t o  continuously 

monitor cell voltage6 a d  current, and fabriccrtfng setups t o  acto- 

Deep d r a m  containare for voI6Bs cells have been fabri- 

cated and the problem and wrinkles have been ironed out. Cells 

using these new containers are i n  process. 

mrdvare €or the V0-50Hs cell is being f8bricr-d. 

Electrode etacks are being formed. 

30 d.98 8nd mlectricslly tested. 

Cells w i l l  be assembled within 

Thin pla te  experimental VO-SX cells we- f ibr icated,  

checked out e l ec t r i ca l ly  and compared t o  8 standard VoI6Hs cell. 

Sir V0-6HS l ab  ce l l s  were cycled in a 70% depth, 3-hOur 

routine f o r  560 cycles, and performed w e l l ,  

reduced to  90 minutes, and 800 cycles have been reachad, again 

with 702 depth. 

The cycle W 8 8  then 

One cell fai led by shorting acros8 the reparator. 

Some studiea have been made on the capacity spread of 

vQ.6HS cell8 and the charge efficiency of these cells is dfecu8eed. 

Reference electrode meeauraments w e r e  made to detetmiue which elec- 

trode limits capacity. 
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11. PIbOT FACILITY 

The p i l o t  f a c i l i t y  to produce henoeticully scaled cells 

for aerospace appl icat iom is essent ia l ly  complete. Wt of the 
fo  
equ ipan t  necessary to produce ra t i r fac tory  seeled cells hu bren 

i as ta l led  and is functioning. Since the f a c i l i t y  ie amall ,  a d  

ccmplete inspection at many p o h t s  along the llxnt i. -&tory, the 

output per mnth is smell. Wing the p o t  quauter e f fo r t s  have 

been directed at  increasing output through automation, reducing 

processing e 

Cbce cells are fabricated, they u e  than subjected t o  8 

careful electrical and nwhmiccll checkout, &signed t o  elbinate 

a l l  leab,  shorts,  high pre~eures  or l aw capacities. Cells ha- 

been ~ w r l l y  handled in poupe of 25, with un operator making a l l  

operations a d  recording a l l  dsu. Sever81 m l t i p o l n t  recorders 

have been procured t o  monitor cell volt8gree and current continu- 

OUOly. 

In addition, a "cell  conditioning control rack" h.e been 

&signad, and is p8rt ia l ly  fabricated, to f a c i l i t a t e  h a d l i n g  dura 

ing t h i s  operation. The purpose of this oquipmnt is to elbinate 

unnecessary hpadling of cells during the electrical processing 

phase of Praaufecturlng the hermetically sealed cells. N o m 1  pro- 

cessing procedure requires each individu.1 cell to be connected 8nd 

removed fram the c i r c u i t  three tinwe t o  be pumped dawn, or for  gases 

t o  be cufmitted such as the helium tracer before closure. h i s  is 
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very timt consuming, and alfav~ poarsible damage to the cell due t o  

fundling. 

the meed t o  conserve t h  and decreaae bndllng.  

Pccted into 8 manifcki section using e r t8inlera  steel quick-discorr- 

nsct. A rrtainlsos steel toggle v8lm is 8180 included i n  each llne 

The control rack w 8 s  meshanisally deaigmd, keeping in mind 

Each cell is con- 

to Sea1 Off th8 Csl1 during prOC88Sw8 but t0 Ill- q U k k  aC-8 to 

the andfold .  The manifold Is provided v l t h  helium, w - n ,  or 

vacuum uthaurting. A schematic of the  s y s t r p  for 3 cells im ahown 

In Figure 1. 

Atso shown in Figure 1 I8 the schematic of the electrical 

L b c b p  S m  sire! calls.  isS processed now, during a capacity diacharse; 

cells are r-d one at a time a8 they reach 1.0 vol t8  per cell. 

Sametimes during a discharge of a batch of 25 cells 8- quite 8dept 

juggling of cl ip  leab is mcQeury t cmrd  t h  end of charge. Hope- 

ful ly ,  very uniform ce l lo  should a l l  reach 1.0 Volt6 at about the - t he ,  a d  therefore,  am protrimion l a  neceosary for  more fac i l -  

i t y  of electrical operations. 

vided in the new "cell conditioning control racks'', each cell is 

wired in to  place, 

lugs rather than c l ip  leads, and ilrdividurl voltage sensing lards 

are provided. This elimiaotee probing with voltmeter picLe. During 

discharge, a cell may be shunted by a w i t c h  operation when it 

approrches zero volt8. Thus the disch8rge c i r c u i t  w i l l  never be 

ppaaabntarily broken, ensuring a better uws8ure of discharge *re 

With the ePectricol hookup being pro- 

Connection to each cell termfn.1 is by screw 

h-8 e 

Tbe monitoring of cel l  voltage l e  8ccanpllehed by the use 
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of e totary switch and L voltmeter. 

variable resistor and an &meter tied into the control rack. A11 

theae refinements ere incorporated on a mutter panel which is 

mounted direct ly  i n  front of the c e l l a  being procarred. 

Current is controlled by a 

, 
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111. DEEP DaAwar CELL COEJTAINKRS 

The development of deep drawn c e l l  containers cane about 

with the need t o  improve hermetically sealed cells for  space appli- 

cations. 

teiner over the present weldment. F i r s t ,  the drawn container di- 

E a s i o m ? l y  cpn 3s made to eloeer tolerances. Second, the strength 

of a drawn uni t  is approximately three (3) times greater than tha t  

of a welded uni t  of the same material. 

seame that  mfght normally allow the possibi l i ty  of leakage. Aside 

from the above mantioned improvements, the question of weld s l ag  

contaminating the c e l l  always ar isee.  Deep drawn cans minimize t h i s  

since only one weld occurs - the f i n a l  weld of the header to the can. 

Three major factors make the drawn can a superior con- 

Third, there are fewer 

To meet exis t ing dinrnsional requirements, the deep d r a m  

This required COnt8her had to be similar bo the welded can used. 

special tooling not normally found in establishments doing t h i s  

type of work. 

ances as w e l l  as the depth of draw, To accomplish th i s ,  e igh t  ( 8 )  

separate developments had to  be made. This proved t o  be a tri8l 

and er ror  operation, t o  flow the muterial t o  the proper location 

fo r  the next draw. After each drawing operation the material nmst 

be annealed because it work hardens during the preceeding opera- 

t ions. 

The corners and radiu:. had t o  be held to close toler-  

The f ina l  f in i sh  of the surface of the cans caused more 

of a problem than anticipated. 

and f ree  from any d i s f igu ra thM.  

t o  be ironed f i r s t  and then annealed, Then the faces had to  be 

irooed. 

The sides and faces had t o  be smooth 

To accomplish th i s ,  the aide had 

The annealing, a f t e r  ironing the fac ts ,  w a s  eliminated t o  
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retain added stiffness in that portion of the can which would norm- 

ally tend to bulge with any internal pressure. 

The present batch of containers have been through the 

eighth and final draw, and show praPrise of being the type of con- 

tainer that is desired for space use. 

the drawn can V0-6EIS and the welded can cell. 

Figure 2 is a photograph of 



IV, 50 A.H. flEBMeT1CAUY SEALED CELL 

Design-wise, the 50 AH hermetically sealed cell  d i f f e r s  

i n  many ways from previoue designs. Normnlly, the hermetic seal 

w a s  formed by making a caramic-to-matal seal between the cover atad 

tho ceramic insulator,  in addition to between the terminal and cer- 

amic insulator. In the present design, neither of the two terminal 

posts forms part of the hermetic seal. This allows frerdam i n  the 

choice of materials from which the terminal can be me&. The macer- 

tal  that has been chosen is copper, which allows good heat transfer 

and has better electrical cmductitritp. 

For the hermetic seal a t  the positive terminal, the upwr 

end of the ceramic insulator has a seal ring attached by a ceramic- 

to-metal bond. A t  the lower end, the lower seal r ing  is also at- 

tached by a ceramic-to-metal bond. 

seals. 

Both these seals are compression 

The copper terminal, which passes through the center of rhe 

insulator is s i l v e r  soldered t o  the terminal base. 

of the terminal base is  hsllarc welded t o  the bottom face of the 

The upper face 

lower seal ring completing the hermetic seal. 

the terminal base is a plata which is s lo t ted  parallel to the direc- 

A t  the lowex end of 

tion of the electrodes. The tabs of the nickel electrodes are notched 

so that they can be slipped into the Slot8 and weldcd, thereby aZlow- 

ips 8 reduceim i n  case height campued t o  the usual mathod of using 

colpbs 0 

The negative terminal is grounded to  the case so that ehe 

copper terminal is s i lve r  soldered to the cover. The electrodes are 

welded into the comb and t he  CQmb is attached t o  the cover by a comb 



support. The cover is made by drawing, and the case is fabricated. 

Most of the case and terminal components mccsaary for  the 

production of the 50 AH hermetically sealed cell have been ordered 

and are being fabricrrted by outside suppliers. 

been fabricated and the electrode stacks have been assembled. A t  

the present t i m e ,  the electrodes are undergoing formation i n  tanks 

by the usual p i l o t  plant procedure. Figure 3 sbowe the 50 AH cell 

stack as compmred t o  a BoI6HS cell stack. 

trode stacks for  the 50 AH cell undergoing tank fornution. 

The electrodes hove 

Figure 4 shows the elec- 
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As indicated i n  the last  quafterly report ,  the hardware 

for  t h i n  p la te  cells was fabricated and a f t e r  some preliminary 

studies on prototypes, f ive cells were assembled t o  operate as 

sealed cells. The electrodes are 0.025 t o  0,027 inch thick as 

compared t o  the standard 0.035 inch plate.  

of the thin p la te  electrodes w a s  25% greater than t ha t  of the 

thicker plates ,  i e  was found tha t  separate tank formation of the 

electrodes was not necessary. 

ce l la  were f i i i e d  with i3.5 mi of electrolyte ,  evacuated, and 

sealed. 

overcharge at  the same rate. 

and presrures were recorded while the cells were maintained a t  

25 fi.5OC i n  an o i l  bath. 

t o  0.75 amperes u n t i l  the steady state w a s  again reached. 

the overcharge current w a s  increased t o  1.0 ampere and maintained 

u n t i l  the steady state was obtained, 

overcharge current is shown i n  Figure 5 .  

is expressed 8s a fract ion of the cell capacity. 

line representing the average of the f ive  th in  p la te  cells is 

given as 40 -/psi. 

Because the porosity 

Therefore, after assembly the f ive  

The cells were charged a t  0.5 ~mpares and then put on 

A t  the steady state, the voltages 

The avercharge current was increased 

Then 

The observed pressure versus 

The overcharge current 

The slope of the 

In addition, Figure 5 a lso  gives the observed pressure 

versus the overcharge current f o r  typical VO-6HS a d  VO-ZORS nickel- 

cadmlum cells. 

cell, but the avera l l  pressures are lower. 

As shown, not only is the slope less for the V0-5X 

Ope reason for t h i s  
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1.30 

1.20 

1.27 

phenamervp is believed t o  be that the surface area of the electrode 

per &upere hour 58 gre8ter in the th in  plate  cells t h n  the others. 

Figure 6 i l l u s t r a t e s  the cell voltage es a function of 

the overcharge current. 

fr8ction of cell capncity. 

VO-dHS and V0020&s nickel-cadmium cell are given for  connprrison. 

The voltage8 .g_PrOr to indicate tbt the t h h  p u t %  cetb are op- 

er8ting 8t a lawet current density which is conriatent with the 

previous hypothesiS r e s r d i n g  pressure6, io%. that the surfrce are8 

of the th fa  p la te  electrodes per ampere hour is greater. 

The overch8rge current is urpres8ed 8s a 

In addition, the curves for a typic81 

After the overcharge, the cells were discharged at the 

nl9 -e&- a- 
wl* ..-LLQ. 

recharged 0umz.lly at  0.5 splperea and put on cycling whtch di8cbrg.d 

the ca l la  to 8 4oX depth and ra turmd 120%. The d ischuge  portion 

w a s  3.9 amperes for  35 minutes, 2.28 AH, while the charge portion 

w.8 3.0 amperes for 55 m i n u t e s ,  2.74 AH. The cells were cycled 31 

t h s .  

beginning of chuge, and the end of charge V O l U g e 8  for cycle 1, 

cycle 14, a d  cycle 31, 

s- a p a c i t y  to i ,o  volts w a s  5.75 AH. They were then 

Table I give6 the beginning of discherge, end of discharge, 

TAmE I o  

CELL BVQLTAGES AS A FIIWCFIOH OF CYCLE HUXBER 

1.46 

1.47 

i .4a 

Charge voltages Discharm Voltages 
p l e  Number bnirming I End I &EiMim 1 End 1 

I 1 1 I 

1.29 

1.3s 

l o 3 4  

1 

14 

31 

1.22 

1.19 

1.18 

I I I I I 
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I 

After the 31 cycles, the cells were placed ou a 0.5 ampere 

contitmoue churn for  24 hours. 

and the capacity obtained w a s  4.62 AH. 

0.5 amperes Md then overcharged at 1.0 mpere. 

A C/2 rate discharge w a s  conducted 

Tbe cells were recharged a t  

A C rate, 5. A,dischorge was conducted, md tbe capacity 

obtained v u  4,74 AE t o  1.0 volt .  P.Lguru 7 illwtrates thc perfom- 

.ne@. 

i8 sdQd to ths .dBa figure. 

P a  +oanpwLsoa c c rcec d b c h r p  far a typical vo-6EIs cell 

They were recharged a t  the C/lO rate and then overcharged 

to insure that  the calls ware in a fu l ly  charged rtute. A f t e r  a 24 

hour stand t h ,  at ZSOC, the  open c i r cu i t  voltage va8 Pwuursd and 

r'irud to be 3.30 volts .  

for 8 fev seconds. 

8mperaa for a feu .~conds. In  a similar aYnuer the 6.0, 8.0, .nd 

10.0 aapere diecharges were conducted. The cell voltages were ob- 

tam Imwdiakly on initlation of 8 d b c h u l p .  rtW mnufta u e  

Then a 2.0 -re discharw wau conducted 

The discharge was imrwrdirlrtely changed to 4.0 

&VWB io P- 8. Tb. 8bP 0bULP.d b -0,008 V U &  tb 8- 

o b u M  f m m  VO4m all wbn dbc&r@ m a a w l 7  aftox 
class* i. 4.006. 

After a 0.5 ampere charge and overchugb a ZC, 10 ampere8 

dischrge w88 conducted. 

fa ~hcrwn in Figure 9. 

The capacity to 1 , O  vo l t  V88 4.13 AH 8nd 

The cells were again charged &ad overcharged a t  0.5 car 

pres. A bC, 20 amperes-diecharge waa performad, a f t e r  a one hour 

eUDd time, giving a capacity to 1.0 vo l t  of 2.82 AR as shown i n  

Figure 9, To determine the ce l l  cupacity a f t e r  the llLmrber of din- 

charges already performed, the cells were chrged urd overcharged 
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a t  0.5 amperes. A C/2 rate dischurm w a s  conducted and the capacity, 

obtained t o  1,O vo l t  was 5.0 AH. Figure 9 shows the discharge. 

Using th in  p la te  electrodes, it was found possible t o  

&cs the cells into inmediate service. The efectrodes did not re- 

quire a lengthy formation process which involves wrapping and re= 

wrapping of the separator, in addition to washing a d  drying the 

electrodes . 
b l o w  is a table colnparing 8- of the characteristics of 

the VO-!iX, Vo-btis and VoIZOIlS nickel-cadmium ce l lo .  

'EABLE 11. 

COMPABISOIII OF SEALED CELLS 

VoI6HS - m 5 x  - 
0.47 0.62 

VOIZOHS 

1.9 

2.09 2.09 2.98 

0.81 0.81 0.89 

2.91 3.67 6-58 

4.92 6.U I7 A4 

5.63 0.20 23.5 

12 *o 13 .4 12.4 

1.14 1 e35 1,35 

It may be concluded from these s tudies  that no signif icant  

advantage in watt-hours per pound is achieved through the use of 

thinner plates.  

required, and as a r e su l t ,  more folds of separator are necessary. 

This is due to  the f ac t  that more t h in  plates  arc 
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The advantages of thinner plates are that they apparently biva a 

larger surface area per ampere hour of electrode capacity. As a 

result, the discharge voltage at camparable rates is slightly 

higher than for thicker plate cells. 

ages and pressures are lower a t  equivalent C-rates. 

In addition, overcharge volt- 
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VI. E%ECl%IcAI, P Z R " C E  OF VO-6HS cerrts 
A. C Y C L E  

Six laboratory cells of the VO-6 type wewe fabrdcated and 

e lec t r i ca l ly  checked out by charging them at 0.6 amps fo r  5 days, 

and discharging them eo 1.00 vol t s  at  a 3.0 *re rate. 

repeated and the capacit ies were determinad. 

was 6.67 ampere hours with a rspread of 0.70 ampare haus .  

This vas 

The merage capacity 

The calls were ful ly  charged and marcharged for tvo days 

8t 0.6 ramps (C/lO) rrfeer which they were plrrced on a 70% depth of 

dischum cycle consisting of a 60 m i n u t e  discharge 8t 4.2 8mpares 

follawed by a 120 minute charge at 2.4 ampereo. This charge vus 

found t o  be irrnsufficient and was increaeed after a few cycler t o  

2.5 a q ~  or a 19% overcharge. 

-8@ Cell8 C O a t b d  CyCUlyr f a  560 cyeteo. A typic81 

cycle curve from one o f  these cells at cycle 6 0 0  is shown in Pig- 

ure 10. A three hour cycle hed been selected b e w e  of a 18ck of 

cycling data on this eiee cell, but since they were reapomiing nor- 

a u l l p  t o  t h i s  cycle, it was decided t o  change the cycle to a 90 miu- 

ute cycle. A t  the end of the 560th. cycle, the average end of char- 

voltage was 1.50 wfth a spread of 0.03 volts. The cells were taken 

off cycle 8t the end of charge and placed on 0.6 lrrnps for two haura 

ami then discharged at  3.0 amps (C/2). 

.lapre hours with a spread of 0.2 ampera hours. fbn cells were ex- 

hibi t ing the 'ktmory effect1' and a t  70% depth were exhibit- just the 

capacity being cycled. 

of dfrrcharge. 

vo l t s  and l e f t  ohorted €or 16 hours. 

rrppps and 16 hours. 

phe average capacity was 4 

S a m  cells were belaw 1.0 vol t s  at the end 

The cells were shorted after discharging to 0.60 

They were recharged at 0.6 

They were recharged at 0.6 clmps and left on over- 
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charge for 5 days. 

spresd of 0.04 volts. 

The average overcharge voltage was 1.39 with a 

The ce3cls were then pue on a 90 minute cycle consisting of 

a 35 minute discharge at 7.2 amps and a 55 m i n u t e  ch8rge at  5.5 amps 

or a 20% Owerchsrge!. 

After 800 cycles2 i C  was noted that the end of discharge 

voltage of one of the cells was tiam to 0.50, 

at the wd of charge after 800 cycles and the cells placed on a 0.6 

Cycling was stopped 

amp avercharge.far 16 hours. The capscities were checked at a C/2 

rate. Two cells had 6.2 ampere hours, two had 6.0 aapere h-e, and 

one lapd 5.7 ampere honxs, and one cell had 3.9 ampere hours. This 

cell was the same one that had an end of discharge voltage of 0.50 w 

volts. Upon returning the cells t o  a 0.6 ampere charge, thia cell 

Fndicated a partial short. The cell  was disrssemblcd and a burned 

spot found in the edge of the separator between plates, 

The remaining cells were recharged at 0.6 -8 and over- 

charged for 5 days at the 8 8 ~ ~ 2  rate. The capacities were again &- 

termined at 3.0 amp discharge rate, and tha average capacity was 

5.72 aapere hours with a spread of 1.0 ampere hours. The cells were 

recharged again and are t o  be put back ou cycle. 

As has been noted in other tes to ,  continuous repetitive 

cycling does not result i n  irreversible logs of capacity. 

though the cycled cellis assume a Capacity about equal to the depth 

Kvcn 

of the cycle routine, the f u l l  nominal capacity is recoverable after 

a C/ lO overcharge. Separator failure (shorted cell) still appears 

t o  be the amst likely -use of cell failure. 
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B. CAPACITY AHD CfIABIIE EFFICIENCY 

Several hundreds of oD-6HS cells have been produced in  tb 

p i l o t  plant  since it s ta r ted  t o  function, and one charac te r i s t ic  

which pe ro i s t8  to date is the mn uniformity of cell capcities. 

A range of cell capacities from 5.5 to 8.0 ampere h-8 barr bean 

produced by wh.t 8ppeas to  be an ident ical  fabr icat ing procedure. 

In addition, the put88 used i n  the cells u e  ident ical  in c a p c i t y .  

At ooc t- each kdividual electrode was discharged s.p.+.tely, but 

it was decided tht this was tW consuming a d  mmcccasuy. Tbare- 

fore, electrode stack24 are proceooed and an electrode stack mat de- 

liver 7 - b r s  far it_ te he aseble 4 2  ?e-b~B ~ l _ f t z .  

It br8 8180 been observed t h a t  successive discharges of 

the aatm VO-BBS -11 w i l l  not always yield the smm value of capacity. 

This obsermtiop h d  t o  tho hypothesis that perhaps the uon uniformity 

in capacity is due to tb& nature of the hermetically sealed nickel- 

cadmium cell. Another observation bas been made, par t icu lar ly  with 

VOIZO size cella, that after contimmus r epe t i t i ve  cycling, a group 

of cells operating in series, became more uniform and capacity slowly 

incraurcs. Several fur ther  observations have shown that in same cases 

8 20 to 24 hour charge 8t 0.6 8mperes w i l l  not r e su l t  in 6 &upere hours 

on the forlaving d i s c h u g .  at 3 amperes, while a high rat. charge, aay 

a t  a -taut voltage of 1.45 volts per cell, w i l l  r e s u l t  in over 6 

ampere hours. 

0.6 .aperss f o r  72 hours (over a weekend) r e su l t s  in higher capacity 

thur a 0.6 ampere charge for only 21 hours. 

It is a l s o  observed that a continuous overcharge a t  

Table I11 shows the capacity of 6 cells which had been fab- 

r ica ted  in the p i l o t  plant 8d which or iginal ly  had capacities between 

5.40 a d  5.90 ampere hours. 

run t o  see t h e i r  effect on the subsequent capacity discharg.. 

Several d i f fe ren t  charge procedures were 
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CELL NO. 

A 

l3 

c 

D 

E 

F 

6 

H 

I 

J 

K 

L 

1 

4.40 

5.15 

5 -85 

4.55 

6 .oo 
5.70 

5.30 

6.05 

6.05 

6.10 

6 . 4 0  

5.25 

- 

* Deep Drawn 

2 

4.80 

5.55 

6.05 

5 -00 

5.20 

5.70 

5.25 

6 .OO 

6.25 

6.15 

6.70 

5.25 

- 14 

4.70 

5.85 

5 -70 

5 -40 

4.90 

5.80 

5 . 2 0  

5 ;7 

5 .80  

5.95 

5.95 

5 S O  

- 
ORICIHAL 
CAPAClTy 

5 .GO 

5 .55 

5 .SO 

5 . 6 0  

5 -45 *shorted 

5.90 

5.20 

6.15  

5 .oo 
6.40 

6.30 

5 .45  

o w  . .  
-40 

M 
M O  



18. 

Figure 2 shows a plot of capecity verso8 cycle nuxuber a d  

indicates the charge routine to vhich the cell -8 aubfected. Bote 

that tbe higher rate charges from cycle 8 00 were beneficial. 

These observations suggest t ha t  ia some voI6 cells the 

charge efficiency at  l o w  rates for ahort tinma is poor. 

Poor charge effictsncy has always been attributed to the  

positive eksctrode which bmgias to &as O2 a t  about tht half char@ 

point. 

diachorghd, vented, and then discbarged Lnto reverse to see i f  

elther electrode was present i n  8ny excess. 

electrodas arcr canrphtely discharged at  the t i m e  of amwmblp. 

balances do occur daring abnormal operation due to loas of &UUJ 

throqh a faulty seal, and apparent imbalances can occur during 

hSgb rate churges and dtschuges due to uuequrl polarizatiana of the 

electrodes. 

mr-nts  were ma OD W6HS cell8 which were caupletely 

As manufactured, both 

Dr 

ft  is interest ing to note that if either electrode oat- 

last8 the other on discharge, a cell voltage of - O o l  vo l t  i 8  ob- 

tained so that cell voltage a l a e  is insuff ic ient  to detensiae vhich 

alectrde is limiting. This is borne out by M analysis of reference 

electrode nreesurements as discussed below. 

Using a Eg/apro referen- electrode, the follawing mat- 

tLoas are obtafatd duripg discharge a d  revereal. 

Electrode Discharge Reversal 

Hi - R e f  +0.4 v 5 I8 forawtd at -1.0 

Rhf cd -009 v O2 is f-d 8t i 4 . 5  V 

E c a l l  = EIJi - Ea 
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If the positive electrode TUPS dmm first 

E call a -1.0 - (0.9) -0.1 V 

If the negative electrode runs down first 

I cell = t0.4 -(+.5) - -0.1 v 
Thus a& aecond diacherge plateau a r t  -1.0 volt nay be due to 

either positive or negative limithg c a p c l t y .  A reference electrode 

rneuIurmnt is necessary. 

Figure 12 show8 s plot of refarenco electrode potent~a1s 

for a V0-6HS cell which was produced in the pilot plant. 

8 law capacity aad WRB therefore punctured and diecharged with 8 

It ohowed 

--Cn---..- Ualn-n r l r a ~ - d r  lrerrarrl W m t a  t h m t  thr - 1 I t 4 ~  re+4# 
&Ls&cL-- U y - w  s*.Tc..-uYc L.YTLLOY. -.IC IUI .u rv-".. ----- 
electrode vas 7.25 AB while  the negative was Q ~ Y  5.9, causing lrw 

capacity for the cell.  
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Steps have been taken eo automate p i l o t  plant operatiom 

and to  co l lec t  processing data ContimrOusly and automatically. 

'phe dcep drawn can for w)-6Hs car la  i o  available. 

barge o i s e  50 AEI cells are completely designed a d  u e  

bew fabricated from both in houee fabricated parte and subcono 

tructed p t 6 .  

Ho significant advantage in watt-hours par pound $8 

achieved through the use of thinner plates. 

E z c t  tbt &in_ plates require more separator a d  r e su l t  in a bulk- 

ier pack and more terminal hardware. The advantage of thinner 

p l r t e s  are that they have a larger eurface area per -re hour of 

electrode capacity and as a result overcharge v o l t a ~  apd pre8atlrse 

are lcrwez than for thicker pla te  cells a t  equivalent C-rates. 

This is due t o  the 

VO-dHS have been cycled over 1800 cycles at 77% a t  a 70% 

depth of discharge. 

exhibit  the capscity t o  which they are  being cycled bas been ob- 

eerved. 

The mersory e f fec t  wherein the cells begin to 

The f u l l  rated capacity is recover8ble a f t e r  a C/lO over- 

charge. 

Tha capacity of VO-dZls cells is sensitive to the charge 

coditions fo r  the previous charge. High rate charge8 give higher 

capacity; 8t 0.6 ampere the charge efficiency is appareatly poor in 

8- c.806. 
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The main item of effort €or the next period wiZ1 

tnclude: 

1. 

2, 

3, 

e. 

Caqlete fabrication of the 50 AH herretically 

sealed cell, and detenafne the electrfcal chr- 

rcterbtica of the ccll. 

Some further electrical charrcteristics of  the 

thin plate cella vi11 be determined, 8ad the 

-118 will be cycled conthuou8ly to see if any 

dektioeratton occurs during cycle rmtlne. 

-6 EB ce11L. in drawn c8n8 w i l l  be fabricated 

a d  &Livered. 

Consideration w i l l  rlso be given to charge affi- 

cbncy a d  1- temperature charge techniques. 



The following staff personael have contributed to 

thi. effort. 
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